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METHOD AND ZONE FOR SEALING 
BETWEEN TWO MICROSTRUCTURE SUBSTRATES 

PRIORITY APPLICATION 

[0001] This application claims priority to French Patent Application 
No. 01 1 701 5 filed December 28, 2001 . 

TECHNICAL FIELD 

[0002] The general field of the invention is that of the collective 
fabrication of microstructures, usually incorporating attached components, 
starting from substrates (i.e. at "wafer level"), and using microelectronics 
techniques (deposition and etching of layers, photolithography, and the 
like). 

BACKGROUND 

[0003] The accelerometer disclosed in French patent 
No. FR 2 558 263 may be cited as one example of this kind of 
microstructure. The accelerometer comprises, within a thin layer, a first 
portion cut out from said thin layer and a second portion consisting of the 
remainder of the thin layer, the first portion being connected to the second 
by means of flexible beams allowing this first portion, called the "sensitive" 
portion, to move with a certain amplitude in the plane of the thin layer. 
This device is used to measure the accelerations of any system to which it 
is attached, by means of an electrical capacitance variation caused by said 
movement. 

[0004] To minimize the cost of microtechnology fabrication of this 
kind of accelerometer, it is necessary for the basic die to have as small 
a surface area as possible. This implies that said sensitive portion, which 
serves as a seismic mass, is very small (its mass is conventionally of the 
order of 1 mg). Moreover, the space around it is evacuated to eliminate 
collisions with air molecules, which would cause unwanted accelerations of 
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the seismic mass that would become more and more of a problem as the 
seismic mass became smaller and smaller. 

[0005] In the case of this kind of microcomponent, and many others, 
it is therefore necessary to be able to maintain a vacuum in an enclosure 
formed within the microstructure and within which the microcomponent is 
placed. In the context of the invention, it will be assumed that at least two 
"substrates" each containing a wall portion of said enclosure are 
assembled together to form the microstructure or a portion of the 
microstructure. 

BRIEF SUMMARY 

[0006] The invention relates to providing a hermetic seal between 
two portions of a microstructure, for example an electromechanical or 
electro-optical device, to create within the microstructure an enclosure 
isolated from the exterior. The invention also relates to the collective 
fabrication of such microstructures. 

[0007] The object of the invention is therefore to provide hermetic 
sealing of this kind of assembly. 

[0008] The means used for this purpose must obviously be such that 
it does not in any way impede the operation of the microcomponent, for 
example by emitting a gas. Moreover, the sealing means must be 
mechanically robust, regardless of the temperature to which the 
microstructure might be exposed during subsequent fabrication steps. 
Finally, the sealing means must be simple to produce at low cost in the 
context of collective fabrication utilizing conventional microelectronics 
techniques. 

[0009] With this in view, one prior art method of assembling dies by 
the "eutectic gold welding" process exploits the existence of a minimum on 
the liquidus line of the gold-silicon phase diagram, situated at 363°C and 
with an atomic proportion of silicon equal to 31%. According to the paper 
by R.F. Wolffenbuttel entitled "Low-Temperature Silicon Wafer-to-Wafer 
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Bonding using Metal Intermediate Layers", Eurosensors X, Leuven, 
Belgium, 8-1 1 September 1996, there are two standard embodiments of 
this method. 

[0010] In the first embodiment, a layer of gold is deposited, for 
example by evaporation, on the surface of the substrates to be welded 
before assembling them. However, this embodiment has the drawback 
that it is necessary to work in a vacuum or in a nitrogen atmosphere to 
prevent the formation of a silicon oxide layer on the surface of the 
substrates before assembly, because this Si0 2 layer would prevent 
eutectic welding. 

[0011] In the second embodiment, a protection layer is deposited 
beforehand on the surface of each substrate. To effect the welding, 
a layer of gold is deposited on each substrate, and the substrates are then 
assembled, inserting a layer of silicon. The seal is therefore produced by 
this Au-Si-Au sandwich, the proportions of which are chosen to be similar 
to the eutectic proportions in order to obtain a seal that is robust at 
a relatively low temperature. To prevent the gold, on the one hand, and 
the silicon of the substrates, on the other hand, diffusing into each other 
through the protection layer, the latter is made from a material serving as 
a diffusion barrier, usually a metal such as titanium or chromium. Apart 
from the fact that this kind of method comprises numerous technology 
steps (in particular the deposition of a barrier layer on the surface of each 
substrate), the reliability of the weld produced in this way proves to be 
mediocre. 

[0012] To avoid these problems, the invention proposes a method of 
sealing two substrates in a microstructure, characterized in that it 
comprises the following steps: 

[0013] - there is deposited onto the surface of a first substrate a first 
rim comprising an "upper" rim consisting of a layer of sealing material 
adapted to interdiffuse spontaneously with the material of the second 
substrate and a "lower" rim consisting of an adhesion material adapted to 
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cause said first substrate to adhere to said sealing material, and there is 
deposited onto the surface of at least one protuberance formed on said 
second substrate facing the first rim a second rim consisting of a layer of 
said sealing material, 

[0014] - the two portions to be assembled are brought into contact, 
and 

[0015] - the sealing region is heated to obtain the interdiffusion of the 
sealing material and the material of the second substrate. 
[0016] For example, the second substrate may be of silicon and the 
sealing material may be gold; this has the advantage that silicon and gold 
have a strong tendency to diffuse into each other, as mentioned above. 
[0017] Thanks to these features, a seal is obtained having all the 
properties referred to above as being desirable. In particular, the 
protuberance formed on the second substrate firstly channels the diffusion 
of the sealing material to encourage depthwise diffusion and secondly 
increases the pressure exerted on the contact area at the time of 
assembly, because of the small size of the contact area. 
[0018] The inventors have found that the seal obtained in this way is 
very reliable. This is very surprising, because it might be expected that, 
with the substances cited, for example, the silicon of the second substrate 
would diffuse through the gold of the rim deposited on a protuberance of 
the second substrate. This would lead to the formation of a layer of silicon 
oxide on the surface of the rim. As explained above, the person skilled in 
the art would expect that the silicon oxide layer would degrade the 
reliability of the bond obtained in this way when the two substrates are 
subsequently placed one against the other. The bond has proved to be 
very reliable and robust, however. 

[0019] Finally, it will be noted that all these effects are obtained 
without it being necessary to control very precisely the quantity of sealing 
materials. 
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[0020] In some applications, it may be found that the sealing material 
and the first substrate chosen by the person skilled in the art have the 
capacity to diffuse into each other: this is the case, for example, if the 
sealing material is gold and the first substrate is of silicon. According to 
particular features of the invention, a lower rim is then preferably chosen 
consisting of a material adapted to provide a barrier against such diffusion. 
Alternatively, a diffusion barrier layer is included in said first rim, between 
said lower rim and said upper rim. This barrier layer could consist of 
tungsten, for example. This barrier layer advantageously contributes to the 
effect of the protuberance according to the invention, namely channeling 
diffusion of the sealing material inside the second substrate. 
[0021] In a correlative manner, the invention relates to a sealing 
region between two substrates of a microstructure, said sealing region 
being noteworthy in that it comprises at least the following portions: 
[0022] - on a first substrate, a "lower" rim consisting of an adhesion 
material adapted to cause said first substrate to adhere to a sealing 
material adapted to interdiffuse spontaneously with the material of the 
second substrate, 

[0023] - on said lower rim, a layer of said sealing material, and 
[0024] - on said sealing material layer, a protuberance formed on 
said second substrate and containing a certain quantity of sealing material. 
[0025] If said sealing material and the material of said first substrate 
are able to diffuse into each other, a lower rim is preferably chosen 
consisting of a material adapted to serve as a barrier to such diffusion. 
Alternatively, said sealing region will further comprise a diffusion barrier 
layer between said lower rim and said sealing material layer. For example, 
if both substrates are of silicon, then the sealing material may be gold and 
the barrier layer may consist of tungsten. 

[0026] According to preferred features, said surface of the 
protuberances is not plane, but features a certain number of hollows. 
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[0027] Thanks to these features, when the welding method 
described briefly hereinabove is executed, a portion of the molten sealing 
material is retained in these hollows, which prevents the sealing material 
being discharged laterally because of the contact pressure applied during 
assembly, instead of diffusing into the thickness of said protuberance. 
[0028] According to other preferred features, said surface of the 
protuberance has a meshed structure. 

[0029] In the present context, the expression "meshed structure" 
means a set of lines providing redundancy in the seal, so that any 
fabrication defect in one sealing line cannot compromise the hermetic seal. 
[0030] The invention is also directed to a microstructure comprising 
a sealing region as succinctly described hereinabove. 
[0031] Other aspects and advantages of the invention will become 
apparent on reading the following detailed description of particular 
embodiments of the invention, which is given by way of non limiting 
example. The description refers to the appended drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWING 

[0032] FIG. 1 is a view in section of the assembly resulting from 
assembling a lower substrate and a central substrate after forming 
a sealing rim, 

[0033] FIG. 2 is a view to a larger scale of a detail from figure 1 , 
[0034] FIG. 3 is a view in section of the assembly resulting from 
assembling the lower substrate and the central substrate after freeing the 
sensitive portion, 

[0035] FIG. 4 is a view in section of an upper substrate, 
[0036] FIG. 5 is a bottom view of the upper substrate, 
[0037] FIG. 6 is a view in section of the upper substrate after 
hollowing a cavity, 

[0038] FIG. 7 is a perspective view to a larger scale of a detail from 
figure 4, 
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[0039] FIG. 8 is a perspective view to a larger scale of a variant of 
the same detail from figure 4, 

[0040] FIG. 9 is a view in section of a geophone type microstructure 
during finishing thereof, and 

[0041] FIG. 10 is a theoretical diagram in section of a seal between 
one substrate and another, of which figure 9 is a particular application. 

DETAILED DESCRIPTION 

[0042] Diverse steps of the fabrication of a microstructure adapted to 
implement the invention are described next. The microstructure may be an 
accelerometer, for example, and in particular a "geophone." Geophones 
are highly sensitive accelerometers used to detect the reactions of the 
ground after shocks are applied to it, for example for the requirements of 
prospecting for oil. 

[0043] FIG. 9 represents a geophone comprising at least three main 
portions: a central portion (comprising a sensitive region, such as a mobile 
mass sensitive to the accelerations to be detected by the geophone), 
a "lower" portion that carries the central portion, and an "upper" portion 
that covers the central portion and defines with the lower portion an 
enclosure that may be evacuated. Each of these portions is made from 
a respective substrate 20, 10 and 30, made of silicon in this example, 
using techniques described in French patent Nos. FR-2 558 263 and FR- 
2 770 339, for example. 

[0044] FIG. 9 assembly is obtained after a series of steps, the first of 
which relate to the assembly and the preparation of the substrates 10 and 
20. These steps are shown in figures 1 to 3. 

[0045] As shown in FIG. 1 , the substrate 20 takes the form of a thin 
layer that has been applied to the substrate 10, in which a cavity 15 has 
been formed beforehand. The thin layer is preferably applied to the 
substrate 10 by the Si/Si0 2 molecular bonding technique executed in 
a vacuum: the layer 12 is a layer of silicon oxide, which also serves as 
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insulation between the thin layer 20 and the substrate 10; this bonding 
technique uses subsequent annealing at high temperature, for example 
1 100°C, to strengthen the seal. 

[0046] In accordance with the present invention, a rim 22 is 
deposited onto the upper surface of the thin layer 20, surrounding in 
particular the portion of the thin layer overlying the cavity, and formed in 
this example by the superposition of a rim 22A and a rim 22B (as shown to 
a larger scale in figure 2). In the present example, the two rims are the 
same width. 

[0047] The upper rim (bead) 22B is made of gold in this example and 
is intended to achieve sealed fixing of the upper substrate 30 to the 
assembly consisting of the lower substrate 10 and the central substrate 20. 
The choice of gold is explained by the fact that gold and silicon diffuse 
readily into each other and that, in this example, the upper substrate 30 is 
preferably of silicon. The lower rim (bead) 22A serves as an adhesion 
layer, and additionally as a barrier to diffusion of the material constituting 
the upper rim into the material constituting the thin layer 20. In this 
example this rim 22A is made of tungsten. 
[0048] The dimensions of the two layers 22A and 22B are 
advantageously accurately calibrated by etching processes adapted to 
delimit their width and more generally their shapes. 

[0049] The external face of the substrate 10 is then drilled in an area 
offset from the cavity 15 to form a well 17. To this end, the substrate 10 is 
etched throughout its thickness. The process used here is anisotropic 
etching using potassium hydroxide (KOH), which results in a section of the 
well 17 that decreases in the upward direction, i.e. toward the thin layer. 
This etching is continued through the oxide layer 12, in practice using 
a chemical etching technique, for example one employing hydrofluoric acid 
(HF), which undercuts the oxide layer 12 beneath the facing edges of the 
well 17, so that these edges overlie the thin layer 20. 
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[0050] The well 17 is intended for passing an electrical contact 
terminal through the "rear" face of the microstructure, as taught in French 
patent No. FR-2 770 339, which thereafter facilitates the production of 
a "front" hermetic seal. A single well 17 is shown in the figures, but 
a plurality of similar contact wells are generally provided, depending on the 
number of electrical connections to be made to the thin layer 20. In the 
example considered here, the wells are identical and have a square 
section. 

[0051] As shown in FIG. 3, a "sensitive portion" 23 is then cut out 
from the thin layer 20 above the cavity 15. This cutting may be effected by 
dry etching, for example, so as to trim this sensitive portion mechanically 
and electrically. In the microstructure considered here, this sensitive 
portion is intended, in service, to oscillate with respect to the remainder of 
the thin layer 20. 

[0052] FIGs. 4 and 5 represent the upper substrate 30 during a first 
preparation step. They show, in the right-hand portion of the substrate 30, 
a narrow vertical channel or vent 34 passing through the complete 
thickness of the substrate. This is produced by ultrasonic etching or by 
deep reactive ion etching (DRIE). 

[0053] In accordance with the present invention, a rim 32 is 
deposited onto one face of the substrate 30 in a pattern such that, at the 
time of sealing, this rim 32 is brought into contact with the rim 22 that has 
been deposited on the thin layer 20. Here this rim has been deposited by 
vapor phase deposition in a vacuum or by sputtering, for example, before 
being shaped by etching. 

[0054] The rim 32 is made from a material that interdiffuses readily 
with the material of the upper substrate 30 and with the material of the 
upper layer 22B of the rim 22. The rims 22B and 32 are advantageously of 
the same material; in the example considered here, they are both made of 
gold. 
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[0055] Following an etching step, for which the rim 32 serves as 
a mask, a cavity 35 is obtained in a portion of the thickness of the 
substrate 30 and surrounded by a continuous wall or protuberance 36 (see 
FIG. 6). 

[0056] In this example the flanks of this projecting wall 36 are 
inclined; this is because the cavity 35 has been etched by a wet etching 
process, but other technologies may be used (in particular the DRIE 
technology). 

[0057] The rim 32 according to the invention may be made in various 
ways. Seen in perspective and to a larger scale (FIG. 7), the lower surface 
of the substrate 30, covered with the rim 32 from FIG. 4, is smooth. In the 
variant represented in FIG. 8, this surface advantageously comprises more 
or less complex arrays or meshes of hollows 39, in this example disposed 
in a row extending along the middle of the rim 32, and in practice 
extending through the rim 32 and into the substrate 30 itself. 
[0058] In this example these hollows are in the shape of truncated 
pyramids with inclined walls, and may be produced by a wet etching 
process, for example one using potassium hydroxide, through a mask (not 
shown), which explains why the walls are inclined, here at an angle of the 
order of 54°. In a variant that is not shown, the hollows may have 
a rectangular, round or other shape, and a constant section. Furthermore, 
they may form an array comprising a plurality of rows, in a quincunx or 
other arrangement, and parallel or non-parallel to the median line of the 
rim. In any event, regardless of the configuration chosen, there is 
advantageously no passage through the wall 36, which guarantees a seal. 
[0059] A certain number of preferred features of the method and the 
sealing region of the invention are described next. 

[0060] FIG. 9 shows the upper substrate 30 from FIG. 6 in position 
on the assembly from FIG. 3. In the context of the application envisaged 
here (measuring by means of capacitance variation acceleration of the 
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sensitive portion 23), the cavities 15 and 35 prevent the formation of stray 
capacitances. The vent 34 is used to evacuate the enclosure. 
[0061] Here the rim 32 is narrower than the upper rim 22B formed at 
the periphery of the thin layer; moreover, its thickness (the vertical 
dimension in this figure) is preferably less than that of the upper rim 22B 
(for example 0.1 pm for the rim 32 and 1 pm for the rim 22B). 
[0062] The assembly is sealed by heat treatment at a temperature of 
the order of 400°C, so as to cause the material constituting the rims 22B 
and 32 to diffuse in the depthwise direction into the thickness of the wall 
36, which in this example corresponds to causing the gold to diffuse 
upwardly into the silicon wall: the rim 22B is fixed, by construction, to the 
thin layer; being in this example of the same kind as the material of the rim 
32, this rim 22B is sealed spontaneously to the rim 32, and the 
interdiffusion of the gold contained in these rims with the silicon of the wall 
36 seals the wall to the thin layer (the rim 32 serves as a starter and the 
rim 22B serves as a reserve). The effectiveness of the seal results in 
particular from the existence of an Au-Si eutectic, which guarantees 
a strong tendency of the gold to bond to the silicon atoms of the wall. 
Without wishing to be bound to one particular phenomenon, it would even 
seem that the seal obtained results from the formation of this kind of 
eutectic in the mass of the wall, despite the fact that the concentration of 
gold in the silicon probably varies as a function of the distance from the 
interface between the wall and the thin layer. 

[0063] The dimensions of the rim 22B are sufficient to guarantee that 
there is sufficient gold available to diffuse into the silicon and provide 
a good seal. However, the quantity of gold is limited by the fact that the 
area of the upper substrate 30 into which the gold diffuses (the 
protuberance 36) is narrow. This rim 22B therefore provides a "reserve" 
function for the seal. Remember that the rim 22A forms a barrier 
preventing the gold from diffusing toward the interior of the thin layer 20, 
with the result that no gold may be consumed on this side. 
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[0064] The seal has proved to be a good seal to liquids and gases. 
Moreover, it has always proved to be very robust. 
[0065] It will also be noted that the seal may be obtained either in 
a vacuum or at a controlled gas pressure. 

[0066] In conclusion, FIG. 10 represents the general principle of 
sealing by means of two chemical elements capable of forming a eutectic. 
The method of the invention utilizes, on a first substrate 20, a two-layer rim 
22 whose shape corresponds to the contour around which a seal is 
required and, on a second substrate 30, a facing rim 32, disposed on the 
edge of a projecting contour (or protuberance) 36. The upper layer 22B of 
the first rim and the second rim 32 are in principle of the same material, 
referred to herein as the sealing material and adapted to interdiffuse easily 
with the material constituting the projecting contour 36, and the lower layer 
22A of the first rim is of a material through which the sealing material has 
no tendency to diffuse. If the projecting contour is of Si, the first material is 
advantageously Au. Without wishing to be bound to this explanation, it is 
assumed that sealing at moderate temperature results from obtaining an 
Au-Si eutectic. The second rim serves as a starter of the phenomenon, 
which is maintained by consuming the upper layer of the first rim, which 
thus serves as a reserve. The concentration gradients imply that the 
eutectic composition is not obtained uniformly. 
[0067] The present invention is not limited to the embodiments 
described hereinabove: the person skilled in the art will be able to develop 
diverse variants of the invention that remain within the scope of the 
appended claims. In particular, the device for maintaining the vacuum in 
accordance with the invention may be placed adequately in diverse 
systems intended to operate in a vacuum, other than the accelerometers 
described herein by way of example. 



